CRYSTAL FIELD COMPUTATIONS
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1. Example of a calculation
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 For a Eu3+ complex [Eu(DPA)3]3-
in fay.uochb.cas.cz: /home/bour/CFP/lanthanide/EuDPA
e1) Optimize geometry, in output leave only the optimized one, rename Gaussian output to G.OUT
e2) Make option file CFF.OPT:

POLAR

t
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In the option file is missing or POLAR=false, only ligand charges are considered.

e3) Run “cff”. This program will take Mullikan charges in the output and will produce the crystal field potential to cfp.inp, in a format required by the lanthanide.c program.
Because polarizabilities were required in CFF.OPT, cfpp.inp was also written. Because the polarizabilities were not defined, the program assigned ( = 1 to hydrogens and ( = 10 to all other atoms.
e4) Copy the Eu3+ electron basis functions (f6 configuration) and Eu3+ free ion parameters to your directory:
“cp /home/bour/CFP/lanthanide/pauli6.inp pauli.inp” (Note: you need to rename pauli6.inp.)
“cp /home/bour/CFP/lanthanide/EuIII/param.inp . “

e5) Run the lanthanide program twice:

“/home/bour/lanthanide/bin/lanthanide 0 3003 6”

“/home/bour/lanthanide/bin/lanthanide 1 3003 6”.

First, you pre-calculate some elements, second you diagonalize the Hamiltonian.

The program requests also number of the basis functions (number of lines in pauli.inp, NB = 3003) and number of electrons in the f-shell (n = 6 for Eu3+).

Now, you should have energies in a file energies and eigenfunctions in eigenfunctions.txt. 

e6) Run generate_cfp to generate table of coefficients of fractional parentage for the f-shell in the file CFP.LST:

“generate_cfp”

e7) Run the analcfp program:
“analcfp 1 3003”

1 means you want to see information on state number 1 (ground state) and 3003 is maximal excitation. Because the computation of dipole matrix elements takes a long time, you can try a few excitations, e.g. “analcfp 1 30”. See also usage of analcfp part.

Note: the programs try to restart from scratch files. If you want another options, e.g. “analcfp 2 60”, you need to erase the scratch files first (“rm *SCR”)!

From the output (to screen by default) you can see information about the investigates state (in this case ground state):

	((
	((
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it is made by 48% from configuration  

	((
	((
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	(
	
	
	


and by 48% from configuration  
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You can also estimate the approximate J-number (total angular momentum) and total electronic L and spin S momenta. Note that J = S + L, and J2 = J.J = J(J+1); similarly S2 = S(S+1) and L2 = L(L+1).
S2 = S(S+1)
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We see that the state is made by 96 = 48 + 48 % from 7F states, therefore L = F =3, and S = 3 (multiplicity = 2S+1 = 7).

Also, an approximate J is 2 and MJ (its projection to an axis) is 0, so we would label this state as 7F2. 
Note that these quantum numbers are only approximate; SLJ are good quantum number is free ion Eu3+, but not if it is surrounded by ligands. In practice, we calculate free ion state of a similar energy, which would have J = 0, so in literature this state is labeled 7F0!!

We can also look at another section of output:
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We see that this direct calculation of integral elements is consistent with the analysis of the wavefunction, S2 = S(S+1) = 11.7882 ~ 12 = 3*(3+1), L2 = 11.8501 ~ 12. and 1.89 ~ 2.


The transitions between all f-levels are dipole-forbidden, and the ligand just perturbs them, see the Judd’s 1962 theory. This may not be well-represented by the crystal field, but if you want to believe this, you have electronic circular dichroism and magnetic circular dichroism spectra in ecd.tab and mcd.tab.

For example, I can make the files for plotting executing

“tabprnf ecd.tab -1 1001 100 1100 g 299 1

mv S.PRN ecdd.prn

tabprnf ecd.tab -2 1001 100 1100 g 299 1

mv S.PRN ecdr.prn

tabprnf mcd.tab -1 1001 100 1100 g 299 1

mv S.PRN mcdd.prn

tabprnf mcd.tab -2 1001 100 1100 g 299 1

mv S.PRN mcdr.prn”

Note that when the column number is negative, new version of tabprnf converts cm-1 to nm, so I have the spectra between 100 and 1100 nm, e.g.
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(ECD is experiment is zero, but here we have one enantiomer).

For fluorescence, the program needs list of transitions in FLUOR.LST, e.g.

15 6 1 2 3 4 5 6

16 6 1 2 3 4 5 6

17 6 1 2 3 4 5 6

18 6  1 2 3 4 5 6

19 6 1 2 3 4 5 6

20 6 1 2 3 4 5 6

21 6 1 2 3 4 5 6

22 6 1 2 3 4 5 6
i.e. this is for fluorescence from states 15-22, from each one to 6 other states, 1-6.
To see it as a Raman transition, one can define file with the Raman excitation frequency EST.TXT:

18797
when 18797 cm-1 =107/532 corresponds to 532 nm.

[image: image7.png]000000





The computation without the polarizabilities
 “/home/bour/lanthanide/bin/lanthanide 0 3003 6”

“/home/bour/lanthanide/bin/lanthanide 0 3003 6” etc.,

with FLUOR.LST:
50 4 1 2 3 4

51 4 1 2 3 4

52 4 1 2 3 4

53 4 1 2 3 4
seems to produce a more realistic results (smaller splitting)
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but who knows ...
2. Individual programs
2.1. cfp.f - utilities related to coefficients of fractional parentage, can calculate:

1    w(abcd;ef)

2    W(abcd;ef)

3    (6):

       (s1l1s2l2(SpLp)s3l3SL|s1l1,s2l2s3l3(SppLpp),SL)

4    (9) equation set for CFP:

       sum(SpLp)(l,ll(SppLpp),SL|l2(SpLp)lSL)

           x CFP(l2(SpLp)lSL||l3aSL)=0 Spp+Lpp odd



(semi-functional only!!)
5    (11) equation set for CFP, calculate

           CFP(l^(n-1)(SpLp) l SL]|l^n aSL)



(semi-functional only!!)
6    maximum L for n electrons in l-shell

7    (SL||U(k)||SpLp) for n-electrons in l-shell

8    output control: large

9    (SL||V(k)||SpLp) for n-electrons in l-shell

10    investigate states in a l^n configuration

11    degeneracy of |S L> state of l^n configuration 
2.2. generate_cfp.f – generates table of CFPs for fn, n = 1 …14, writes it into CFP.LST

(From the ACRY program, Allison, D. C. S.; McNulty, J. E. Comp. Phys. Commun. 1974, 8, 246.)
2.3. cff.f 

2.3.1. Usage of cff.f

By default, cff.f reads Gaussian output G.OUT and makes the Atp parameters based on Mulliken charges, writes them to cfp.inp, t = 1...7, p = -l...l. If G.OUT is not present, reads FILE.X, and sets charges for water (qH = 0.38, qO = -0.76). The lanthanide/central atom does not have to be present, then it is supposed to reside in (0,0,0), or its coordinates can be defined in file LAXYZ, which may look like this:
63  0.1 0.0 0.0
i.e. atomic number and three Cartesian coordinates in Å. 
Optionally, CFF.OPT may be present, for example like this:
POLAR

f

DENSITY

t

XMAXIMAL

8.0

XMINIMAL

1.26

RMAXIMAL

1.0

RMINIMAL

0.1

POTENTIAL

f
POLAR
(this option is experimental and not recommended) if true, assign also polarizabilities. If file POL.LST is present, read atomic polarizabilities from it, otherwise set (=1 for hydrogen and (=10 for other atoms

Structure of POL.LST:

1 (1

2 (2

…etc.
DENSITY and POTENTIAL enable calculating crystal field potential from a grid instead of the point charges:
2.3.1.A. Get potential from in Gaussian cube potential.cub
POTENTIAL evokes calculating potential from a grid of Gaussian cube potential.cub. 
The integration controlled by RMINIMUM and RMAXIMUM, typically comprising the extent of the f-shell and avoiding the singularity at zero, e.g. RMINIMUM=0.1 Å, RMAXIMUM=1 Å.
Basically, potential is only rewritten to the spherical parameters, so it is technically the most exact procedure, but we cannot get unperturbed ligand potential with central ion, so the option may not be very practical when the central ion is inside. 


There are two nearly identical ways of doing this:
Complex way 1
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Saves A into cfq.inp.

Complex way 2
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Saves A into cfq2.inp.

To use this option, replace cfp.inp by cfq.inp or cfq2.inp when using lanthanide and analcfp programs.


2.3.1.B. Get potential from Gaussian cube density.cub

This seems to be the best approximation of ligand field we can get, but it needs to be done carefully:

1) calculate density on a cubic grid (all sides the same-will facilitate integration on a sphere)

For example for this molecule [image: image23.jpg]


 the density [image: image24.jpg]


 was obtained with the following Gaussian input
%mem=4GB

%nproc=4

%chk=field.chk

#p b3lyp/gen scrf=(pcm,solvent=water) pseudo=cards

empiricaldispersion=gd2 nosymm guess=(read,only)

geom=allcheckpoint cube=(density,cards)

C H 0

6-31g*

****

O N 0

6-31+G**

****

Eu 0

MWB28

****

Eu 0

MWB28

density.cub

   -2   -8.000000   -8.000000   -8.000000

  161    0.100000    0.000000    0.000000

  161    0.000000    0.100000    0.000000

  161    0.000000    0.000000    0.100000
One can also use the cubegen routine of Gaussian. Note that all x y z directions have the same fine grid step (0.1 Å) and the counting starts from origin (0,0,0) where the metal center should be.

2) Put the DENSITY keyword in CFF.OPT to true and set the limits, e.g.
DENSITY

t

XMAXIMAL

8.0

XMINIMAL

1.26


XMAXIMUM was set to 8 Å so that a sphere can be integrated that is whole contained in the cube of density.cub. XMINIMUM was 1.26 Å which is estimated from the electron density of the complex as a borderline between ligand and the metal:
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The potential (A) in is saved in cfro.inp.
Example of reasonable cfro.inp (first part of it):

0  0   66688.626       0.000

  1 -1     -35.263      43.532

  1  0    -126.582       0.000

  1  1      35.263      43.532

  2 -2     -73.287      53.740

  2 -1     112.085     185.126

  2  0     -16.828       0.000

  2  1    -112.085     185.126

  2  2     -73.287     -53.740

  3 -3     -65.833     152.737

  3 -2      -5.640     -11.151

  3 -1      -9.996       4.176

  3  0       9.133       0.000

  3  1       9.996       4.176

  3  2      -5.640      11.151

  3  3      65.833     152.737

  4 -4      -4.843      -1.609

  4 -3      37.466      20.065

  4 -2      -3.624       0.163

  4 -1       1.431      -0.415

  4  0      51.273       0.000

  4  1      -1.431      -0.415

  4  2      -3.624      -0.163

  4  3     -37.466      20.065

  4  4      -4.843       1.609

  5 -5      -0.138       0.438

  5 -4       1.527      -0.561

  5 -3       1.735      -3.022

  5 -2      -0.585      -0.006

  5 -1      -0.041      -0.030

  5  0       1.438       0.000

  5  1       0.041      -0.030

  5  2      -0.585       0.006

  5  3      -1.735      -3.022

  5  4       1.527       0.561

  5  5       0.138       0.438

  6 -6      -1.239      -1.246

  6 -5      -0.353      -0.244
On each line, there are four numbers: l, m, Re Alm and Im Alm (see 3.4), it is important that Alm are smaller as l is bigger, i.e. the spherical expansion converges and is meaningful.
3) To use this option further, replace cfp.inp by cfro.inp when using lanthanide and analcfp programs.
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Figure: Example of magnetic ROA (= CPL)  of a Eu-DPA complex, the density model seems to give at least the 5D0 ( 7F1 frequency closer to experiment.

2.4. analcfp.f – analyzes wavefunction obtained from the lanthanide.c program of Sverker Edvardsson & Daniel Aberg, calculates spectra
1. Reads CFP for fn from CFP.LST as produced by generate_cfp.

2. Reads eigenfunctions.txt as produced by lanthanide. Each wavefunction
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 is written in a basis of anti-symmetrized products of one-electronic wavefunctions 
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l1 = l2 = … ln=l is angular momentum, {mi} are its projections for individual electrons; similarly s1 = s2 = … sn= ½ are electronic spins and {zi} their projections.

3. Transform each basis function to the basis of  
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 states, where l = f = 3, ( is an additional quantum number (distinguishing same SL levels), L and M denote the total angular momentum and its projection, S and  denote the total spin and its projection, i.e. 
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This is done using non-antisymmetrized (“ordinary”)  angular momenta products, 
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Detailed procedure:
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( express 
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(etc. …)
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Note that the coefficients of fractional parentage are denoted as 
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And from the above we get 
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(Write the F-coefficients to F.SCR).

4. Transforms the wavefunction to the ((LMS) basis, i.e. 
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One can see that the coefficients can be calculated as 
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5. Estimates approximately J-number (J = L + S) for labeling of the lowest-energy states, by projection with 
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6. Write the D-coefficients to D.SCR.
7. Calculate magnetic moments
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A) Directly
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B) Using 
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Computer notation
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8. Calculate average L2, S2, S.L and J2 operators.

In the uncoupled basis, 
[image: image61.wmf])
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9. Read in crystal field parameters, and calculate dipole moments on the basis of f-d coupling

10. Calculate magnetic circular dichroism B-terms:
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Usage of analcfp:

         Input:ANAL.OPT options, optional
               energies  from the lanthanide.c 
               eigenfunctions          - " -
               cfp.inp crystal field potential (charges)                                 

               cfpp.inp crystal field potential(polarizabilities, optional)
        Output:STATES.LST  list of states and labels
               spectrum.tab  magnetic dipole absorption
               spectrum2.tab as spectrum.tab, via CFP
               ecd.tab ECD spectrum for CF
               mcd.tab MCD spectrum for CF
1) online “analcfp kev nmax”
where kev is the eigenvalue of interest, and nmax maximum number of excitation

2) using option file ANAL.OPT, the just call “analcfp”

ANAL.OPT:

KEV

kev (1)

NMAX

nmax (1)
POLAR
lpolar (false)

R246

R2 R4 R6 (0.26, 0.17, 0.21)
TEMPERATURE

T (300)

PLIMIT

plim (0.01)
PEXC

o po
Default values are in parentheses, PEXC defines weighting factor p for the dipolar perturbations through 
4fn 

( 4fn-15d1
(o=1), (pdefault = 1)
4d10 4fn 
( 4d94fn+1 
(o=2), (pdefault = 0)
4fn 

( 4fn-15g1
(o=3) (pdefault = 0).
POLAR requires cfpp.inp
R246 defines the <r2>, <r4> and <r6> parameters.

T is temperature in kelvins.

plim is probability limit for a hot transition
2.5. lanthanide.c 
Program from Edvardsson, S.; Åberg, D. Comp. Phys. Commun. 2001, 133, 396-406,
see also catalogue identifier ADMZ at http://cpc.cs.qub.ac.uk/summaries/ADMZ in CPC Program Library, Queen’s University of Belfast, N. Ireland
Our adapted version can take also polarizability crystal field, and is located at
jitka.uochb.cas.cz:/home/bour/lanthanide


/bin ... my version


/binw ... my version, for Windows-cygwin

3. Theory
3.1. Coefficients of fractional parentage and related mathematics – theory in cfp.f
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Background:

U(k) is an arbitrary matrix defined for more electrons as 
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, and it transforms as a tensor operator of order k.

For n = two d-electrons, it can be calculated using (II (44)){Racah, 1942 #4898}
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For n > 2, we use (III (23)){Racah, 1942 #5210}  
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and get (perhaps)
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with 
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Coefficients of fractional parentage
We use (9)
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(S’’ + L’’ odd)

and (11) 
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(S’’’ + L’’’ odd) 
of III.

Try to derive (11) from (10)
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(7)

(7) generalized:
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s1l1s2l2(S’’L’’sl) coupled to S’L’ and s3l3 (sl) vs s2l2s3l3 (slsl) coupled to (S’’’L’’’) and s1l1 (S’’L’’)
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Putting this to (10)
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we will get (11, but with summation over double-prime variables) because wavefunction cannot contain symmetric states (with odd S’’’+L’’’)
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3.2. Free field ion Hamiltonian
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Eave
kinetic electron energy + interaction with nuclei
 fk angular part of the electrostatic interaction
ASO angular part of the spin-orbit interaction

(, ,(, (  Trees configuration interaction parameters
T2, T3, T4, T6, T7, T8 three body configuration interaction parameters

ti
three particle operators

mj pk
operators of magnetic correction 
M0, M2, M4, P2, P4, P6 magnetic interaction parameters, M2 ~ 0.56 M0, M4 ~ 0.38 M0, P4 ~ 0.75 P2, P6 ~ 0.5 P2
G(G2), G(R7)
Casimir operators for the groups G2 and R7
F2, F4, F6 electron repulsion parameters, F4 ~ 0.668 F2, F6 ~ 0.495 F2,
((4f 
spin-orbit coupling constant

Average free-ion parameters for Eu3+ [95].

Parameter Value (cm−1)

Eave 
63736 
F2 
82786 
F4 
59401 
F6 
42644

( 
19.80 
(
−617 
( 
1460

T2 
370 
T3 
40 
T4 
40 
T6 
−330 
T7 
380 
T8 
370

((4f 
1332

M0 
2.38 
M2 
1.33 
M4 
0.90 

P2 
303 
P4 
227 
P6 
152

 (Slater 1929):
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3.3. Crystal field Hamiltonian
Aberg: Free + crystal field:
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 (Same as Judd 1962) 
Ried: Free + crystal field:
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Table 2

3.4. Crystal Field Potential
A) Charges
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Spherical harmonic addition theorem:
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We suppose that ri << rL, and use atomic units(
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Aa) From potential grid

Electrostatic potential within the f-shell is calculated on a grid at points ri.

We want to mimic it by the same expansion, i.e. minimize 
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B) Polarizabilities
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For any product we write it as a sum of harmonics, e.g.


[image: image116.wmf]å

å

¥

=

-

=

=

0

3

3

2

2

1

1

1

1

1

1

1

1

3

3

2

2

)

,

(

)

,

(

)

,

(

l

l

l

m

L

L

m

l

L

L

m

l

L

L

m

l

Y

m

l

m

l

m

l

Y

Y

j

J

j

J

j

J

, where


[image: image117.wmf]÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

-

+

+

+

-

=

=

ò

0

0

0

4

)

1

2

)(

1

2

)(

1

2

(

)

1

(

,

3

2

1

3

2

1

3

2

1

3

2

1

,

,

*

,

3

3

2

2

1

1

1

3

3

2

2

1

1

l

l

l

m

m

m

l

l

l

l

l

l

Y

Y

Y

m

l

m

l

m

l

m

m

l

m

l

m

l

p


then we will have


[image: image118.wmf])

,

(

)

,

(

'

1

,

i

i

m

k

L

L

m

k

n

L

n

i

a

a

L

i

L

ia

ia

La

La

La

ia

Y

Y

r

r

P

V

j

J

j

J

a

å

å

¥

=

-

=


where the coefficients P’a are determined to a maximum nia = lmax.

In terms of the spherical tensors, 
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Program cff.f writes the coefficients Pa, nia, nLa, kia, mia, kLa, mLa and real and imaginary part of A to cfpp.inp
Check: 
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Radial function
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Empirical formula 
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3.5. Intensity matrix elements
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Unclassified
Remarks to the intensities in the SLJ scheme  (this is actually not used in the program analcfp.f)
Reid, F.; Richardson, F. S. Chem. Phys. Lett. 1982, 95 (6), 501-506.
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Reid: Electronic Structure and Transition Intensities in Rare-Earth Materials 

Isotropic dipole strength
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 ... see Nielson and Koster (1963).

and G. Racah, Phys. Rev. 63,367 (1943), eq 23
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_5D0||U(2)||7F2_2, _5D0||U(4)||7F4_2, and _5D0||U(6)||7F6_2 are equal to 0.0032, 0.0023, and 0.0002, respectively, for Eu3+ [
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Matrix elements
TAS page 221
Eq (1a,1b) (different notation):
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Derive lx2:
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analogously
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(same as (1c)) on page 221 of TAS)
Judd 1962 theory – notation modified, transition A ( B
Ground state 
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From perturbation theory
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For forbidden transition 
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We can use the ligand-field potential 
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 and select k-(spherical) dipole component ( = rD(1)k
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which is more or less Judd’s equation (6) 
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The physical picture is like this


[image: image220]
Can make approximation EB – Eu ~ EA – Eu ~ (E, 
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Computer implementation of electric dipole moments:

In uncoupled (
[image: image224.wmf]}

...

{

'

2

2

2

2

1

1

1

1

in

n

in

n

i

i

i

i

n

z

s

m

l

z

s

m

l

z

s

m

l

q

l

=

) basis, estimate the “effective” dipole moments
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Hydrogen like wavefunctions
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Spherical harmonic Gaussians
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Try to decompose 
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f-shell transitions (l=f)





d-shell mixed states (l’=d)
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_1507659823.unknown

_1509599371.unknown

_1514443652.unknown

_1514472507.unknown

_1515490657.unknown

_1515492921.unknown

_1515515974.unknown

_1515517829.unknown

_1515517861.unknown

_1515517799.unknown

_1515515777.unknown

_1515492913.unknown

_1515415517.unknown

_1515415610.unknown

_1515488298.unknown

_1515415915.unknown

_1515415600.unknown

_1514472656.unknown

_1515415406.unknown

_1515415502.unknown

_1515415176.unknown

_1514472640.unknown

_1514443853.unknown

_1514455089.unknown

_1514472469.unknown

_1514454998.unknown

_1514443756.unknown

_1514443804.unknown

_1514443683.unknown

_1509605912.unknown

_1514291900.unknown

_1514443471.unknown

_1514443617.unknown

_1514291960.unknown

_1514443386.unknown

_1514292017.unknown

_1514291933.unknown

_1509691455.unknown

_1514291465.unknown

_1514291748.unknown

_1509703734.unknown

_1514291319.unknown

_1509793583.unknown

_1509694204.unknown

_1509606324.unknown

_1509632707.unknown

_1509634299.unknown

_1509605921.unknown

_1509601243.unknown

_1509601595.unknown

_1509601692.unknown

_1509602385.unknown

_1509605358.unknown

_1509601666.unknown

_1509601283.unknown

_1509600522.unknown

_1509600869.unknown

_1509600514.unknown

_1509600045.unknown

_1508311992.unknown

_1508918442.unknown

_1509364275.unknown

_1509367878.unknown

_1509433833.unknown

_1509434718.unknown

_1509434726.unknown

_1509435222.unknown

_1509434712.unknown

_1509433325.unknown

_1509433827.unknown

_1509432554.unknown

_1509433246.unknown

_1509364750.unknown

_1509365237.unknown

_1509365582.unknown

_1509365589.unknown

_1509365552.unknown

_1509365230.unknown

_1509364738.unknown

_1509364744.unknown

_1509364335.unknown

_1509364575.unknown

_1509345940.unknown

_1509364073.unknown

_1509364257.unknown

_1509364020.unknown

_1508920226.unknown

_1508940947.unknown

_1509170110.unknown

_1508940446.unknown

_1508918585.unknown

_1508918713.unknown

_1508751398.unknown

_1508752194.unknown

_1508917761.unknown

_1508917886.unknown

_1508752204.unknown

_1508917151.unknown

_1508751431.unknown

_1508681157.unknown

_1508750988.unknown

_1508751226.unknown

_1508681480.unknown

_1508750808.unknown

_1508681179.unknown

_1508586966.unknown

_1508681098.unknown

_1508585225.unknown

_1508584651.unknown

_1507911923.unknown

_1508308064.unknown

_1508308827.unknown

_1508308856.unknown

_1508308895.unknown

_1508308725.unknown

_1508308458.unknown

_1508307271.unknown

_1508307664.unknown

_1508307710.unknown

_1508307649.unknown

_1508306591.unknown

_1507661205.unknown

_1507908887.unknown

_1507911894.unknown

_1507661213.unknown

_1507662546.unknown

_1507660112.unknown

_1507660701.unknown

_1507660839.unknown

_1507661175.unknown

_1507660755.unknown

_1507660669.unknown

_1507659944.unknown

_1507655557.unknown

_1507658695.unknown

_1507659332.unknown

_1507659509.unknown

_1507659755.unknown

_1507659341.unknown

_1507658754.unknown

_1507658775.unknown

_1507658962.unknown

_1507658745.unknown

_1507656213.unknown

_1507657158.unknown

_1507658320.unknown

_1507657119.unknown

_1507656899.unknown

_1507655602.unknown

_1507655608.unknown

_1507655574.unknown

_1501754079.unknown

_1506172700.unknown

_1506176947.unknown

_1506328505.unknown

_1506328899.unknown

_1506330218.unknown

_1506331124.unknown

_1506333411.unknown

_1506330209.unknown

_1506328781.unknown

_1506317977.unknown

_1506320071.unknown

_1506317822.unknown

_1506172776.unknown

_1506173546.unknown

_1506172752.unknown

_1502082708.unknown

_1506169121.unknown

_1506169474.unknown

_1506171957.unknown

_1506169427.unknown

_1502197308.unknown

_1502387144.unknown

_1502569171.unknown

_1502603202.unknown

_1502388155.unknown

_1502385041.unknown

_1502385133.unknown

_1502385132.unknown

_1502198824.unknown

_1502131732.unknown

_1502131860.unknown

_1502180260.unknown

_1502083444.unknown

_1501785568.unknown

_1502076917.unknown

_1502081593.unknown

_1502076942.unknown

_1502076894.unknown

_1501782147.unknown

_1501782161.unknown

_1501781791.unknown

_1501754256.unknown

_1501419654.unknown

_1501568412.unknown

_1501749173.unknown

_1501749220.unknown

_1501749338.unknown

_1501749167.unknown

_1501421330.unknown

_1501494525.unknown

_1501421447.unknown

_1501422099.unknown

_1501422487.unknown

_1501422804.unknown

_1501421664.unknown

_1501421425.unknown

_1501421385.unknown

_1501420282.unknown

_1501421054.unknown

_1501421256.unknown

_1501420861.unknown

_1501419711.unknown

_1501420242.unknown

_1501419458.unknown

_1501419507.unknown

_1501419637.unknown

_1501419494.unknown

_1500038767.unknown

_1501419234.unknown

_1499949813.unknown

